Abstract-The concentrations of heavy metals (Sn, Pb, and Zn) were investigated in two sediment cores at Phuket bay, Phuket, Thailand. The analysis of heavy metal content was carried out by using aqua regia digestion and measured by using inductively coupled plasma optical emission spectrometer (ICP-OES). The concentrations of Sn, Pb, and Zn were ranged from 49.9 to 167 mg kg -1 , 9.6 to 58.7 mg kg -1 and 45.4 to 144 mg kg -1 , respectively. The degree of pollution in sediments assessed by Geo-accumulation index (I geo ) indicated that the sediment samples in this study were either not contaminated or moderately contaminated with Zn and Pb (-1.40 to 0.26 and -1.24 to 0.97, respectively). In addition, the accumulation of heavy metals was evaluated using Enrichment Factor (EF) and the results showed that sediment samples are minimal to significant enrichment from anthropogenic activity (Pb and Zn: 1.6 to 6.2 and 2.1 to 6.9, respectively).
I. INTRODUCTION
Currently, the aquatic environment problem has become a worldwide concern due to anthropogenic activities such as mining, industrial and urban has discharged wastewater directly into water resources that cause the impact on water quality [1] , [2] such as the increased heavy metal level in aquatic environment [3] . The heavy metal contamination can affect human and living organisms due to their toxicity, persistence, non-degradability and accumulative behaviors [4] . Metal distribution in the aquatic environment can cause the adverse effects to human health because of food chain transfer. The main sources of the heavy metals in the aquatic environment are difficult to identify. Phuket is one of the provinces in the South of Thailand with the tin (Sn) mining industry is very popular in the past for the economic development [5] . Tin mining activities have released various metals and toxins to the nature basin without a pre-treatment, and therefore cause metal contamination in the water and sediment [6] . Bang-Yai canal is the main canal of Phuket that used mostly in the past for transportation. Bang-Yai canal is approximately 8,000 meters in length started from Kathu waterfall and ended at the seacoast of the Phuket bay in Saphan Hin at Muang Phuket district. It can be considered as the drainage area receiving many effluents from various community sources from Phuket Town such as old Sn mining ponds, domestic wastewater discharge, and boat parking areas [7] . Therefore, heavy metal accumulation of Lead (Pb), Tin and Zinc (Zn) in the coastal environment is of the interest in this research. The main objective of this study is to study the accumulation and contamination levels of heavy metals at Saphan Hin, Phuket province. The levels of heavy metal contamination in the area were evaluated by using enrichment factor (EF) and geo-accumulation index (I geo ) to assess the impact and contamination levels of heavy metals. The results of this research can be used in environmental impact assessment in the area in order to prevent the environmental impact caused by heavy metal pollution.
II. METHODOLOGY

A. Sediment Core Sampling
The study area is located at Saphan Hin, Phuket bay, Muang Phuket District, Phuket province. Sediment samples were collected in May 2017 during the lowest tide of 0.7 to 0.8 meters above the water level [8] . Two sediment cores were sampled namely point A (longitudes 7°52'7.10"N; latitudes 98°24'5.38"E) and point B (longitudes 7°52'3.88"N; latitudes 98°24'4.50"E), respectively by Russian corer (100 cm in length and 12 cm in diameter) (Fig. 1) . Each core was sub-sectioned at 5 cm intervals. There are totally 20 sediment layers for each sediment core (totally 40 sediment samples for Core A and B). All of the samples were stored in polythene bags, kept in the icebox at 4 o C and brought to the laboratory immediately.
B. Physicochemical Parameters
Physicochemical parameters of the sediment samples in the two cores were determined on-site included sediment pH, oxidation-reduction potential (ORP), and electrical conductivity (EC) (1:5 sediment/water ratio) by pH meter (Eutech version: Cyber scan Diamond Series pH 450) and EC meter (HM version: EC-3M), respectively. Sediment samples were digested following the EPA 3052 guideline [9] . The 0.5 g of dried sediment were digested with aqua regia (HNO 3 and HCl) and analyzed by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) (Perkin Elmer Optima, 4300 DV/Perkin Elmer Optima 800). All glassware was cleaned using HNO 3 (10%) followed by repeated rinsing with deionized water and dried in an electric oven prior to use. The accuracy of the analytical procedures for the analysis of heavy metals in sediment samples was checked using the certified reference material MESS-4 [10] . The results of recovery were Zn 104 ± 6.7% and Pb 114 ± 21.5 %, respectively. 
C. Metal Pollution Level
In order to evaluate the extent of the historical heavy metal pollution, an enrichment factor (EF) was used in this study [11] and calculated as follows; EF = (C meta l /Al)sample/(C metal /Al)background (1) where (C metal /Al)sample is the concentration ratio of metal to Al in sediment cores and (C metal /Al)background is the average ratio of the same metal to Al in the background sample. The background concentrations of Al, Pb, Zn and Sn in Phuket Province used in this study are: 115,360 mg kg -1 , 20 mg kg -1 , 80 mg kg -1 , and 420 mg kg -1 , respectively [12] . The EF values were interpreted as suggested by Department of pollution control (2012) [13] as if EF < 2 means deficiency to minimal enrichment, EF is between 2 to 5 means moderate enrichment, EF is between 5.01 to 20 means significant enrichment, EF is between 20.01 to 40 means very high enrichment, and EF > 40 means extremely high enrichment.
In addition, the Geo-accumulation Index (I geo ) was also calculated as criteria to evaluate the intensity of heavy metal contamination in the study area. The calculation is followed [14] as below:
where C metal (sample) is the concentration of a given element and C metal (background) is the concentration of background value for the metal in sediments. The I geo values were interpreted as: I geo < 0 unpolluted, 0 < I geo < 0.99 unpolluted to moderately polluted, 1 < I geo < 1.99 moderately polluted, 2 < I geo < 2.99 moderately to strongly polluted, 3 < I geo < 3.99 strongly polluted, 4 < I geo < 4.99 strongly to very strongly polluted, and I geo > 5.00 very strongly polluted [13] .
D. Statistical Analysis
Data analysis was done by using one-way analysis of variance (ANOVA) to indicate the significant differences among different sediment layer depths. All statistical analyses were computed by using SPSS version 16.
III. RESULT AND DISCUSSION
A. Physico-Chemical Properties
The physicochemical properties of the sediment core samples are presented in Table I . It was found that sediment samples are neutral to very strongly alkaline in core A (pH 7.2 to 9.1) and slightly alkaline in core B (pH 8.1 to 8.7). These results are consistent with the research in Bandon Bay, Surat Thani Province as the pH value of the sediments was ranged from 6.15 to 8.37 [15] . The pH value is an important parameter due to most of the chemical reactions in aquatic environment is controlled by any change in its pH value. Anything either highly acidic or alkaline would kill marine life [16] . It was known that high pH values enhance the precipitation of heavy metals through the formation of insoluble carbonates [17] . In addition, redox potential is an important parameter in environmental quality research. The mobility of heavy metals can also be limited due to the reducing conditions of the sediment [18] as it indicates the tendency of an environment to receive or give electrons. Redox potential, together with pH, can be considered as one of a driving variable for speciation of heavy metals [19] . Soil oxidation and reduction depend on soil respiration, diffusion of oxygen, and carbon dioxide in soil and on changes in biochemistry of the system [20] . In this study, the redox potential values in core A and B are ranged from -131 to 59.9 mV and -117 to 122 mV, respectively. These values implied that the sediments in both of cores were oxidized and reduced form. The mobility of metals increases in low oxidation stage (Eh < 100 mV) [21] . Heavy metals in the oxidation stage can be more mobile in the environment, however heavy metals in the reduction condition is immobile [22] . The results of this study consistent with another study in the U-Taphao canal, Songkla province found higher ORP ranged values of -221 to 406 mV [23] . Electrical conductivity (EC) is another factor which affects the bioavailability of metals to plant [24] . It is controlled by the extent of soluble salts such as calcium, magnesium and sodium. In this study, the EC values in core A and B are ranged from 789 to 2626 µS cm -1 and 752 to 2495 µS cm -1 , respectively. The sediments with high EC value are without of metals such as iron and zinc [25] , and also sediment EC values more than 1000 µS cm -1 consist of highly conductive clays [26] . The results of this study consistent with the research in Chanthaburi Estuary found that EC values to be 3500 to 4000 µS cm -1 [27] .
B. Heavy Metal Concentrations in Sediment
The heavy metal concentrations of Sn, Pb, and Zn in both sediment cores are presented in Table II 144 mg kg -1 ) but Sn concentration was higher than standard. In addition, the measured concentrations of these metals were compared with Sediment Quality Guidelines (SQGs) of Threshold Effects Concentration level (TEC) and Sediment quality in coastal and found that the metal concentration of this study was relatively higher than SQGs and TEC standards. 
C. Geo-Accumulation Index (I geo ) Evaluation of Heavy Metals
The calculated I geo values for Zn in core A showed the values of less than zero (-1.40 to -0.45) which indicated unpolluted condition of the sediments. In addition, the I geo values for Zn in core B are ranged from -1.01 to 0.26 indicated unpolluted to moderately polluted level of the sediments. In contrast, the I geo values for Pb were observed to be from -1.24 to 0.57 and -1.64 to 0.97 in core A and core B, respectively indicated that the sediment was unpolluted to moderately polluted level. Therefore, it is suggested that almost all of the sediment samples in this study were not contaminated or moderately contaminated with Zn and Pb. The low I geo values were found in other studies. For example, Pb was found to be unpolluted/moderately polluted in Bangpakong estuary, Chachoengsao province [31] and the sediments at the inner Gulf of Thailand were found to be moderately polluted with Pb [32] .
D. Enrichment Factor (EF) Evaluation of Heavy Metals
The enrichment factor (EF) is a useful tool for differentiating the man-made and natural sources of metal contamination [33] . This evaluating technique is carried out by normalizing the metal concentration based on geological characteristics of [34] . Al has been widely used for normalizing the metal concentration in sediments because it is a major metal element in the earth crust and not affected by man-made factors [35] . In this study, the EF profiles for Zn in core A and B are ranged from 2.1 to 6.9 and 1.6 to 6.2, respectively. These results indicated that sediment samples are minimal to significant enrichment. The EF values of Pb in Core A and B ranged from 3.4 to 9.8 and 1.9 to 6.9, respectively. It also indicates that sediment samples are minimal to significant enrichment from human activity in the studied area. The human activities from local contribution can be influenced the pollution level in this study area. In addition, it was observed that Zn is enriched in the upper layers as compared to the lower layers of core sediments. However, Pb was observed to be enriched in the lower layers (40 to 75 cm) as compared to the upper layers of sediment cores. These results are consistent with the research in the inner Gulf of Thailand as they found the significant Pb enrichment of sediments by anthropogenic activities [32] .
IV. CONCLUSIONS
In conclusion, this study shows that the concentrations of the heavy metals in Phuket bay were ranged over following intervals: Sn 49.9 to 167 mg kg -1 , Pb 9.6 to 58.7 mg kg -1 and Zn 45.4 to 144 mg kg -1 that are found to be below the Soil Quality Guidelines for the Protection of Environmental and Human Health except for tin (Sn) metal (Sn, Pb and Zn: 50, 140 and 200 mg kg -1 , respectively). While the measured concentrations of these metals were higher than Sediment Quality Guidelines: SQGs Threshold Effects Concentration level (TEC) (Pb and Zn: 35.8, 121 mg kg -1 , respectively) and Sediment quality in coastal (Pb and Zn: 52, 102 mg kg -1 , respectively). The contamination levels of the heavy metals by calculated I geo values suggested that almost all of the sediment samples in this study were either not contaminated or moderately contaminated with Zn and Pb metals (-1.40 to 0.26 and -1.24 to 0.97, respectively), and the sediment samples are minimal to significant enrichment from anthropogenic activity (the EF values for Pb and Zn: 1.6 to 6.2 and 2.1 to 6.9, respectively). It was suggested that the anthropogenic activities may be from local contribution and influence of urbanization recently. However, since sediments can accumulate for heavy metals in the aquatic system, their potential risks to the environment must be considered.
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